The DNA damage checkpoint and PKA pathways converge on APC substrates and Cdc20 to regulate mitotic progression.
The conserved checkpoint kinases Chk1 and Rad53-Dun1 block the metaphase to anaphase transition by the phosphorylation and stabilization of securin, and block the mitotic exit network regulated by the Bfa1-Bub2 complex. However, both chk1 and rad53 mutants are able to exit from mitosis and initiate a new cell cycle, suggesting that both pathways have supporting functions in restraining anaphase and in blocking the inactivation of mitotic cyclin-Cdk1 complexes. Here we find that the cyclic-AMP-dependent protein kinase (PKA) pathway supports Chk1 in the regulation of mitosis by targeting the mitotic inducer Cdc20. Cdc20 is phosphorylated on PKA consensus sites after DNA damage, and this phosphorylation requires the Atr orthologue Mec1 and the PKA catalytic subunits Tpk1 and Tpk2. We show that the inactivation of PKA or expression of phosphorylation-defective Cdc20 proteins accelerates securin and Clb2 destruction in chk1 mutants and is sufficient to remove most of the DNA damage-induced delay. Mutation of the Cdc20 phosphorylation sites permitted the interaction of Cdc20 with Clb2 under conditions that should halt cell cycle progression. These data show that PKA pathways regulate mitotic progression through Cdc20 and support the DNA damage checkpoint pathways in regulating the destruction of Clb2 and securin.